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Free radicals were directly detected ill vitlo in the skin 
of hairless mice by low-frequency electron paramag-
netic resonance spectroscopy after topical applica-
tion of anthralin under pertinent therapeutic condi-
tions. The electron paramagnetic resonance signal 
intensity increased steadily, reaching a maxhnum 
after about 1 d and decreased slowly in the following 
days, probably because of desquamation of the skin. 
We conclude from the spectroscopic features (single 
line with a line width of 6 gauss; g = 2.0036) and from 
the pharmacokinetic pattern that the observed signal 
arises from the final products of anthralin metabo-
D uring the last few years, in creased evidence has been obtained that free radi ca ls are involved in many .physiologic and pathologic processes [1] . T hey are also of specia l importance in skin, whjch is directl y exposed to environmenta l hazards such 
as chemicals and irradiation [2-4]. Free radi cals can be induced by 
irradiation, ischemia/reperfusion, or inflammatory processes. In-
creased levels may also result from xenobiotics or by the combi.ned 
action of the inducing components. Severa l drugs, such as anthra-
lill, psoralens, and benzoylperoxide, which arc known to be able to 
initiate free-radica l reactions, arc used widely to treat skin-related 
diseases. [t has been specu lated tbat these drugs result in the 
formation of free radicals ;11 V;IIO [2,3]; however, no direct evidence 
of tlus has been reported so far. 
Electron paramagnetic resonance (EPR) spectroscopy is the on ly 
method that directly detects free radicals. Nonresonant dielectric 
losses caused by the lugh water content of biologic samples Umit the 
application of the most commonly used frequency of 9-10 GHz 
(X-band) to small samples such as mouse tai l [5]. To overcome this 
problem. low-frequency spectrometers have been developed re-
cently, making possible highly sensitive, noninvasive ;11 11 ;110 mea-
surement of radicals in animal s [6-8]. Thjs progress permitted the 
direct ;n 11;110 detection of free radica ls derived from a xenobiotic, 
nitrosobenzene [9]. The aim of our work is to demonstrate and 
apply low-frequency EPR for the monitoring of radica l metabolites 
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lism (ether-insoluble polymeric structures-"anthra-
lin brown"). Two potential antioxidants, vitamin E 
and the spin trap tert-butylphenylnitrone, decreased 
the amount of the anthralin-derived radical that was 
formed. Neither vitamin E radicals nor tert-butylphe-
nylnitrone spin adducts were observed. We suggest 
that electron paramagnetic resonance is a valuable 
tool for the noninvasive and direct ill vitlo monitoring 
of drug-induced radical formation in the skin under 
therapeutic conditions. Key words: ditlrrallollESRIEPRI 
electron spin resonance. ] Invest Derm.a.tot 104:514-517, 
1995 
of therapeutic drugs, using a drug that has been postulated to 
involve free-radical intermediates in lIillo. 
In thi s paper, we focused our attention on anthraUn (1.8-
dihydroxy-9-anthrone; dithranol), wluch is widely used for the 
topical treatment of psoriasis [10]. It is well known that anthralin is 
a labile drug that is easily oxidized to the corresponding quinone, a 
dimer, and finally to ether- i.nsoluble compounds, the so-call ed 
"dithranol-brown" [11] . The involvement of fi:ee radicals in the 
oxidation of anthraUn has been demonstrated in solu tions using 
EPR spectroscopy and EPR spin trapping [12,13] . T he ;11 ,,;11'0 
formation of anthralin radicals in isolated pig skin also has been 
demonstrated , including the use of carbon-13-labeled anthraUn . 
These studies resulted in significant line-broadenjng, supporting the 
direct involvement of anthralin in the formation of the radica ls [14] . 
The authors attributed the single lin e (g = 2.0028) to the anthronyl 
radical , although no hyperfine spUtting was observed. Anthralin-
derived radicals in the skin of nude mjce also we,'e o bserved ill 11;11'0 
by Fuchs and Packer [15]. The detected signal had a g-factor of 
2 .0036 and a lin e width of 6 gauss, with no obse"vable hyperfine 
splitting. The overall pattern of the signal as well as the time course 
were very similar to the results obtained by Shroot [1 1]. Fuchs and 
Packer [15] concluded from the spectroscopic features that the 
observed radical cannot be the anthronyl radical proposed by 
Shroot [11]; they suggested polymeric structures. 
Although the above data sllggest tha t it is reasonable to anticipate 
similar processes ;11 11 ;110, this has not been demonstrated previously 
[16], and the occurrence of the radica l il/. ');110 remains specu lative. 
Therefore, the aim of our stupy was to examine the formation of 
the anthralin-derived free radi ca ls ill ');')0 lI SiJlg low-fr'equency EPR 
spectroscopy. To increase the relevance to therapeutic applications, 
we lIsed a concentration (1 % anthralin, w/w) and a vehi cle (in 
aqua base ointment) more typica l of clinical lise, instead of the 
prepara tion (dissolved in ch lo roform) used prev iously, w luch may 
damage the skjn and interact with anthralin radicals [14 ,15]. We 
0022-202X/95/S09.50 • SSD I0022-202X(95)00002-3 • Copyright © 1995 by The Society for Investigative Derl1latology. Inc. 
514 
VOL. 104. NO.4 APRIL 1995 
also studie d the etfects ;11 V;II0 of two antioxidants, vi tamin E and the 
spin trap tert-butylphenylnitrone (PBN), because of suggestions 
that antioxjdants might h ave a therapeutic role ;11 II ; VO to redu ce 
pote ntia l side e tfec ts fi:om the generatio n of anthralin-derived fi'ee 
radica ls [1 7, 18] . Because the pattel11 ofEPR spectra m ay depend o n 
the microwave freq ue n cy, w e use d 1 N NaOH-induced oxidation 
of anthralin [1 5] as a ch emical mode l system to compaJ'e the spectral 
p attel11 at 1.1 and 9.4 GHz, respectively. 
MATER.IALS AND METHODS 
Reagents Anthra lin, vitamin E, <lnd PEN were purchased from Aldrich 
and stored in the dark at -12°C. Aquabase was obtained from Paddock 
Laboratories, Inc .. and 1 N NaOH was purchased from Fisher Scientific. 
The oin tments were prepared by grinding the ingredients in <I mortar. T he 
fo llowing samples were prepared: anthralin 1 'X, (w / w) in anhydrous aq ua-
base o in tment; anthr<l li n 1% (w/w), vitamin E 100 mmol/kg in anhydrous 
aq uabase oin tment; and anthra lin 1% (w / w) , PEN 100 ml110l/kg in 
anhyd.ro us aqua base oin tment. 
Alkaline Oxidation of Anthralin One milliliter 1 N NaOH was added 
to 10 mg of anthra lin in polypropylene microcentrifuge tubes (1.5 ml 
capacity, Scientific Plasti cs). T he tubes were left open to ensure suffi cient 
concentration of oxygen. T he s<lmple was placed in the loop of the surface 
co il of the L-band EPR spectrometer. and spectra were recorded . Small 
am o unts of the samples were placed in a Teflon tube by means of a syringe 
and measured simul taneously at X -band . 
Skill Treatments A circle 1 cm in d.iameter on the skin of the back of 
male skhl mice (20 g, C harles R.iver Inc.) was treated w ith the selected 
oin tm ent using a co tton swab. The treatment was repeated every hour for 
6 h . Four mice were used for each treatment. 
To excl ude EPR signals arising fi'o m the oxidation of anthra lin in the 
ointm ent itself, microcentrifuge tubes (1.5 m l) were fi lled w ith the oint-
ments and measured by low-freq uency EPR. Furthermore, to exclude 
artif., cts caused by interactions of the skin surface and the oin tment, the 
ointment was removed fi:om mouse skin using an olive-oil-soaked cotton 
sW<lb, and sep<lrate measurements of the animal and the cotton swab were 
performed. 
EPR Measurements 
LOlli Fe'l"c"e), (1,1 CHz) in vivo: T he spectra of fi'ee radica ls in the skin 
were obtained using an EPH.. spectrometer equipped with a low- fi'equency 
(1.2 GI-Iz, L-band) microwave bridge [8]. 
For the EPR measurements, the animals were anesthetized by intramus-
cuI",: injection of ketamine (90 mg/kg) and Xylazine (9 mg/kg). T he 
treated area was covered by a thin plastic foi l. and the surf.,ce co il was 
placed over it. To increase the signal-to-noise ratio. 25 scans were 
accumulated using the fo ll owing parameters: field center, 400 gauss; scan 
range, 40 gauss; scan time, 1 min; time constant. 0.1 second ; incident 
microwave power. 50 mW ; modu la tion amplitude. 2 gauss. 
Hig,, }i'e'l"CllcjI (9.4 C H z) in vitro: T he anesthetized animals were killed by 
decapi tation immediately after completion of the ill lIill() me<lsurements at 
1.1 GHz. T he treated skin area was removed with scissors and scalpel and 
placed on the to p of a flat qU<lrtz cel l. T he measurements were performed 
using a V<lri <ln 109E EPR. spectrometer. To estimate the g-f:lctor. 2,2-
diphenyl-l-picrylhyd razyl cll 'sta ls or a capi llary fi ll ed w ith solutions of 
perdeuterated-N '15-Tempol were placed ncar the skin and measured simul-
taneously. T he fo llowing panlllleters were used: scan range. 40 ga uss; scan 
tinle, 1 rnin; ti lne constant. 0. 1 second: 20 scans; incident n1icro\vavc 
power, 50 mW , centra l field, 3350 gauss. 
RESULTS 
T h e oxida tio n of an thra lin b y 1 N NaOH resul ted in th e formation 
of anthra lin-derived radica ls (Fig 1). T h e o bserved spectral ch an ges 
confirm th e resu lts fro m Fuc hs and Pac ke r o btain ed with standard 
9.4- GHz equipment [1 5] . T he patte rn of the recorded spectra was 
simjlar a t 9.4 GHz a nd 1.1 GHz. 
After administratio n of the an thralin-containin g o in tm e n t o n th e 
skin of nude mice, a sing le line with a line width of 6 ga uss was 
detected ;11 I/;'JO (Fig 2a.) . A corresponding sig nal from the prepared 
skin of t he same anim al was o bserved at 9.4 GHz ;11 IJi tm (Fig 2b). 
T he signaJ-to-n o ise ratio was bettel' at 9.4 GHz; however, othe l' 
spectral features were the sam e at both freq uencie s. T h e m easured 
g-factor W '1S g = 2.0036. 
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Figure 1. Alkaline-induced formation of anthralin-derived radi-
caIs recorded at L-band. O ne milli li ter 1 N NaOH was added to 10 mg 
of anth.ra lin in polypropylene microcentrifuge tubes. The tubes were left 
open to ensure suffi cient concentrations of oxygen . The sample was placed 
in the loop of the surface co il of the 1.1-GHz EPH.. spectrometer, and spectra 
were recorded after 60 min (n) and 7 d (II). 
whjch m <1y b e due to endogenous melanin; however, they were too 
weak to be discusse d in greater detaj l (Fig 3a) . 
T h e an thraJin-ind uced (j'ee-radicaJ sig nal increased over the 
pe riod of 24 h (Fig 31l-d) and was fo llowed by a gradual decrease 
in the fo llowing days, probably becau se of desquamation of the 
skin . T his time depe nde n cy was obser ved in aJ I anima.is . Howeve r, 
it is very d iffi cult to m ake precise quantitative con clusions from the 
recorded EP,R spectra , especially during the first hours. Anima.! 
m otion s contribute to th e decrease of the signa.!-to-noise ratio ;11 
IJ;IJ() as compare d w ith ;11 IJ;' I'O. 
N o EPR sibrna1s were observable in th e ointment preparations 
themselves. Furthermore, 110 differences in the EPR spectra of 
1.1 GHz 
a 
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Figure 2. Anthralin-induced free - radical formation in skin ofl1ude 
luice . T he skill of a skh I mOllse was treated with 1'% anthralin w / w in 
anhydrous aquabase for 6 h. T he EPR. spectrum was recorded ill I'ilIO at 1.1 
GH z after 24 h of the first treatment (n) . T he cOITcsponding ill flirro 9.4-GH z 
EPR spectrum of the skin of the same animal was obtained after completion 
of the ill lIil'o measureltlents at 1.1 GI-lz (b). The anesthetized animal was 
killed by decapitation. the treated skin area was removed using scissors and 
sca.lpel and placed o n the top of a Rat quartz cell . and EPR spec tra were 
recorded. 
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mouse skin were obtained if the ointment was removed using an 
oLive-oil-soaked cotton swab. No signals were recorded from the 
cotton swab itself. The results indicate that the detected EPR 
signal s are not easily removable from the skin by olive oil and do 
not arise from the ointment itse lf. 
Both vitamin E and PBN reduced the EPR signal intensity (Fig 
3eJ) . The development of the EPR signal fo llowed the same time 
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Figure 3. Low-frequency ill vivo EPR spectra of skin of nude mice. 
n) Control animal. b·d) Evolution of radica l formation in skin treated with 
anthralin. A circle 1 cm in diameter 0 11 the skin of the back of male Skll1 
mice (20 g, C harles River lnc.) was treated with the anthralin ointment (1 % 
antlualin w/w in anhydro us aquabase for 6 h) using a cotton swab. T he 
treatment was repeated every hour for 6 h. Four mice were used fo r each 
treatment. EPR spectra were recorded after 30 min (b), 13 h (c) or 24 h (d). 
e, j) Influence of the spin trap PBN and vitamin E on the anthralin-induced 
radica l formation in skin . A circle 1 cm in diameter on the skin of the back 
of maJe skhl mice (20 g, Charles River Inc. ) was treated with the 1% 
anthralin oin tment contain ing 100 mmol PBN per kg o intment (c) or 100 
mmol vitamin E per kg ointment (f) using a co tton swab . T he treatment was 
repeated every hour for 6 h . Four mice were used for each treatment. EPR 
spectra were recorded after 24 h . 
course as shown i.n Figs 3a-d, with a ma" .. imum at 24 h. At tlu s 
time, th e intensity was appro" .. imately 60% of that in the absence of 
th e potential antioxidants (based on the average change of the peak 
heights of groups of four animals for each treatm ent). N either 
vitamin E radicals nor PBN spin addu cts was observed. 
DISCUSSION 
T he experimental results provide direct evidence that an thralin 
produces free radicals in. 11;110. It is noteworthy that the applied dose 
as well as the deli very system are in the therapeutic range. T he 
g-factor and the line width of the EPR signal detected ;" lIillO are 
very sin1ilar to th e fina l product of the alkaline oxidation of 
anthralin, as well as the EPR signaLs formed in skin ill lIi l ro [1 4,15 ] . 
The EPR signal intensity increased during the first hours, w hich 
corresponds with the kinetic data obtained in lIill"O [14,15]. T he 
results ofpharmacokinetic studies by Cavey et al [1 6] on hairless ra ts 
using radioactive labeling showed a similar time dependency of the 
increase in the ether-insoluble fraction. The e ther-insoluble poly-
meric structure is the dominant metaboHte after 6 h . For these 
reasons, we assign the detected radical to the ether-insoluble, 
polycyclic anthralin-brown structure, the main metaboHte of an-
thralin in skin . 
Vitamin E and PBN decreased the erythem a as w ell as the 
amount of tbe anthralin polymeric radical. T he data indicate that 
both compounds are able to reduce observable amounts of this 
radical ill lIil/O. Fuchs and Packer [15] demonstrated ill lIitro that 
vitalrun E is able to reduce the signa l in tensity of the anthralin 
polymeric radical. In experiments measuring human skin thickness 
and erythema, inlubi tion of anthralin-induced inAammation by 
vitamin E was also demonstrated ill. lIillo [17] . 
We were not able to observe vitamin E radica ls or PBN spin 
adducts; the steady-state concentrations of these species were too 
small to detect whether they were form ed. According to Fuchs and 
Packer [15] , vitamin E does not scavenge the primary 1,8-dillY-
dro" .. y-9-anthron-l0-yl-radical or the polymeric radical. A possible 
explanation of the protecti ve m ech3lusm of vitamin E is that it 
interacts with oxidative processes in lipids iJutiated by the formation 
of radicals in the metabolism of anthra lin. A mechanism of the 
oxidative degradation of anthralin proposed by Hayden and C hig-
nell [1 2] starts with the fonryation of the anthralin anion, which 
further reacts with oxygen to form the 1,8-dihydroxy- 9- anthron-
10-yl-radical and the superoxide muon. How tills oxidative metab-
o lism leads to biologic damage remains to be elu cidated and is an 
area of continuing investigation [1 1,12,13,18]. 
In summary, we report the ill 11;'10 detection of a radica l derived 
from a therapeutic drug. T h e spectroscopic features (single Line 
with a line w idth of 6 gauss; g = 2.0036) do not correspond to the 
anthra nyl radical , but do fit the spectra l characteristics of the fi nal 
ether-insoluble products of alkaline-oxidized anthralin , as well as 
the spectral pattern of th e EPR signals observed il/. 11;11"0 in skin by 
Fuchs and Packer [15] and by Shroot and Brown [14]. The 
antiox idant vitamin E and the spin-trapping agent PBN were able to 
reduce the amount of the mdical ill lIillo. 
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It is noteworthy that low-frequency EPR is sensItIve enough to 
monitor dnlg-derived radicals ill vivo under therapeutic conditions. 
Because free-radical fonnation seems also to be a very important 
mechanism for other drugs [2,3] it is possible that low-frequency EPR 
may become a valuable tool for the noninvasive ill vivo monitoring of 
drug-derived metabolic processes in skin and other organs. 
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